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. , well-pointed cartesian
closed category




dcpo category Cpos . ,
sheaf , $(X, \mathcal{O}_{-}1^{r})$ ,
category $\mathcal{O}_{d}X^{r}$ Cpos $F\in$ Ob $(Cpos^{\mathcal{O}\lambda^{op}})$ dcpo
pre-sheaf . , sheaf , $\dagger’\subseteq U$
$U$, $\dagger‘\in \mathcal{O}_{d}X’$ , category $\mathcal{O}X^{op}$ $U$ $L’$
$F$ $F_{\iota\cdot,u}$ .
$U\in$ OX $\mathcal{U}=\{U_{i}\in \mathcal{O}_{z}X^{r}|i\in I\}$ , $a\in$
$F(U)$ $\delta_{F,t4}(a)=\langle F_{L’;,U}(a)$ : $i\in I)$ $F(U)$ $\prod_{i\in I}F(U_{i})$
$\delta_{F,\mathcal{U}}$ , $s \in\prod_{i\in I}F(U_{i})$ $\lambda_{F,\mathcal{U}}(s)=\{F_{u_{i}nu_{j},u_{i}}(s_{i})$ :
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$(i, j)\in I^{2}\rangle,$ $\rho_{F,\mathcal{U}}(s)=\langle Fu_{i}\cap u_{j},u_{j}(s_{j})$ : $(i,j)\in I^{2}\}$ $\prod_{i\in I}F(U_{i})$
$\prod_{(i,j)\in I^{2}}F(U_{i}\cap U_{j})$ $\lambda_{F,\mathcal{U}},$
$\rho_{F,\mathcal{U}}$ , $U$
$\mathcal{U}$ ,
$F(U) arrow^{\delta_{F,\mathcal{U}},}\prod_{i\in I}F([I_{i})arrow^{\vec{}^{\mathcal{U}}\rho_{F,\mathcal{U}}\lambda_{F},}\prod_{(i,j)\in I^{2}}F(U_{i}$ $U_{j})$
category Cpos equalizer diagram $F$ dcpo sheaf
. , $s \in\prod_{i\in I}F(U_{i})$ , $i,j\in I$
$F_{U_{i}\cap U_{j},U_{i}}$ $(si)=F_{U_{t}\cap U_{j},U_{j}}(s_{j})$ , $s$ $U$
section . , $\prod_{i\in I}F(U_{i})$
compatible
$\{s\in\prod_{l\in I}F(U_{i})|\lambda_{F,\mathcal{U}}(s)=\rho_{F,\mathcal{U}}(s)\}$
Com $($ $\prod_{i\in I}F(U_{i}))$ , $F$ dcpo sheaf ,
category Cpos $\delta_{F,\mathcal{U}}$
$F(U)\simeq$ Com $( \prod_{i\in I}F(U_{i}))$
. , $\delta_{F,\mathcal{U}}$ inverse $\epsilon_{F(\mathcal{U})}$
, $s\in$ Com $( \prod_{i\in I}F(U_{i}))$ , $\circ F,\mathcal{U}’(s)\in F(U)$ , $F_{u_{i},u}$
$s_{i}$ section .
, , Com $( \prod_{i\in I}F(U_{i}))\in$ Ob(Cpos)
.
1. Com $( \prod_{i\in I}F(U_{i}))$ dcpo , $i\in I$
$A\subseteq$ Com $( \prod_{i\in I}F(U_{i}))$ , $(u\uparrow A)_{i}=u^{\uparrow}(A_{i})$ .
. $i,$ $j\in I\ovalbox{\tt\small REJECT}$ , $F_{U_{i}\cap U_{f},U_{i}},$ $F_{U_{i}\cap U_{j},U_{j}}$ $A$
compatibility
$F_{U_{i}\cap U_{j},U_{i}}(u\uparrow A_{i})=u\uparrow\{F_{U_{i}\cap U_{j},U_{i}}(s_{i})|s\in A\}$
$=u\uparrow\{F_{U_{i}\cap U_{j},U_{j}}(s_{j})|s\in A\}$
$=F_{U_{i}\cap U_{j},C^{t_{j}}}(u\uparrow A_{j})$
. $\langle u\uparrow(A_{i})$ ; $i\in I)\in$ Com $( \prod_{i\in I}F(L^{;_{i}}))$ , $A$
.
dcpo sheaf $Cpos^{\mathcal{O}\lambda^{\prime op}}$ full subcate-
gory Cpos(X) . category Cpos(X) $f\in$
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Cpos $(X)(F, G)$ $F$ $G$ natural transformation , $U\in \mathcal{O}_{\wedge}X^{-}$
$f_{U}\in$ Cpos $(F(U), G(U))$ . , $f,$ $g\in$ Cpos(X) $(F, G)$
, $U\in \mathcal{O}_{d}1^{\Gamma}$ $f_{U}\subseteq gu$ dcpo Cpos $(F(U), G(U))$
$F$ $f\subseteq g$ . natural transformation
, Cpos(X) $(F, G)$ dcpo
.
2. $F,$ $G\in$ Ob(Cpos(X)) , Cpos(X) $(F, G)$ dcpo
. , $\mathcal{A}\subseteq$ Cpos(X) $(F, G)$ $U\in \mathcal{O}X$
$(u^{\uparrow A})_{U}=u^{\uparrow A_{U}}$ .
. $A_{U}$ Cpos $(F(U), G(U))$ ,
$\uparrow$
AU $\in$ Cpos $(F(U), G(U))$ .
, $\iota_{/}^{r}\subseteq U$ $U,$ $V\in \mathcal{O}U$ $a\in F(U)$ , $G_{\ovalbox{\tt\small REJECT} U}$ $A$
naturality
$G_{1’U}’,\circ(u\uparrow A_{U})(a)=u\uparrow\{G_{\iota\cdot,U}\circ f_{U}(a)|f\in A\}$
$=u\uparrow\{f_{V}oF_{\iota^{f},U}(a)|f\in 44\}$
$=(u\uparrow A_{\mathfrak{j}^{r}}.)oF_{t\nearrow,U}(a)$
Cpos . , $\langle u^{\uparrow A_{U}}$ : $C^{\gamma}\in \mathcal{O}_{d}X^{r}\rangle$ natural transformation
, $A$ .
, sheaf , category Cpos(X)
cartesian closed category .
sheafl , $U\in \mathcal{O}X$ 1 $(U)$
dcpo $\{*\}$ , V $\subseteq U$ $U,$ $V\in \mathcal{O}X$ $1_{V’,U}=$ id $\{*\}$
. $1\in$ Ob(Cpos $(X)$ )
.
, $F\in$ Ob(Cpos $(X)$ ) unit
$\circ\in$ Cpos(X) $(F, 1)$ , $U\in \mathcal{O}_{d}X^{7}$ $\circ u(a)=*$ natural transformation
.
$F,$ $G\in$ Ob(Cpos $(X)$ ) , sheaf $F\cross G$ ,
$U\in \mathcal{O}X$ $(F\cross G)(U)=F(U)\cross G(U)$ , $\dagger^{f}\subseteq U$
$U_{7}l/^{7}\in \mathcal{O}_{d}X^{r}$ $(F\cross G)_{1^{\vee},U}=F_{\iota^{r},u}\cross G_{v,u}$ . ,
$U\in \mathcal{O}_{d}X^{r}$ $\mathcal{U}=\{U_{i}\in OX |i\in I\}$ ,
62
$\{(s_{i}, t_{i}):i\in I\}\in$ Com $( \prod_{i\in I}(F\cross G)(U_{i}))$
$(\epsilon_{F,\mathcal{U}}\langle s_{i}:i\in I\rangle, \epsilon_{G,\mathcal{U}}\langle t_{i}:i\in I\})^{2}$
$\epsilon_{F\cross c,\iota r}$ , $\epsilon_{FxG,\mathcal{U}}$ $\delta_{F\cross G,\mathcal{U}}$ inverse
. $F\cross G\in$ Ob(Cpos(X)) .
, projection $p\in$ Cpos $(X)(F\cross G,$ $F)$ ,
$U\in \mathcal{O}X$ Pu $(a, b)=a$ natural transformation ,
projection $q\in$ Cpos $(X)(F\cross G, G)$ .
, $f\in$ Cpos(X) $(H, F)$ $g\in$ Cpos(X) $(H, G)$ pairing $\langle f,$ $g\rangle\in$
Cpos(X) $(H, F\cross G)$ , $U\in \mathcal{O}_{\wedge}X^{r}$ $\{f, g\}u=\{f_{u,gu}\}$ natural
transformation .
$F,$ $G\in$ Ob(Cpos $(X)$ ) , sheaf $G^{F}$ , $U\in$
$\mathcal{O}_{\angle}\lambda^{r}$ $G^{F}(U)=$ Cpos $(U)(F|_{U}, G|_{U})$ , $V\subseteq U$ $U,$ $\uparrow/^{7}\in \mathcal{O}X$
$f\in G^{F}(U)$ $(G^{F})_{\ddagger^{r},U}(f)=f|_{V}$ . , $F|_{U}$
$F$ $\mathcal{O}U^{op}$ Cpos ,
$f|_{V}\in$ Cpos(V) $(F|_{t^{r}}, G|_{V})$ , $W\in \mathcal{O}T/^{\gamma}$ $(f|_{V})_{W}=f_{W}$
$f$ natural transformation . ,
$G^{F}\in$ Ob(Cpos $(X)$ ) .
3. $F,$ $G\in$ Ob(Cpos $(X)$ ) $G^{F}\in$ Ob(Cpos $(X)$ )
.
. 2 , $U\in \mathcal{O}_{d}t^{r}$ $G^{F}(U)$ dcpo
, $G^{F}$ dcpo pre-sheaf .
, $G^{F}$ dcpo sheaf , $U\in \mathcal{O}X$
$\mathcal{U}=\{U_{i}\in \mathcal{O}_{d}X^{r}|i\in I\}$ , $\delta_{G^{F},\mathcal{U}}$ inverse $\epsilon_{G^{F},\mathcal{U}}$
$G^{F}(U)\simeq$ Com $($ $\prod_{i\in I}G^{F}(U_{i}))$ .
, $\epsilon_{G^{F},\mathcal{U}}$ . $V\in \mathcal{O}U$ $l^{7}/’\cap$
$\mathcal{U}=\{V\cap U_{i}|i\in I\}$ $l,\cdot$ , $u\in$ Com $( \prod_{i\in I}G^{F}(U_{i}))$ $a\in$
$F(V)$ $s=((u_{i})t’\cap u_{i}^{\circ F_{t’\cap u_{i},v}(a)})$ : $i\in I\}$ $s\in$
Com $( \prod_{i\in I}G(l^{r}\cap U_{i}))$ . , $i,j\in I$ ,
2 , $\epsilon_{F,\mathcal{U}}$ $\epsilon_{G,\mathcal{U}}$ .
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$u_{i}|_{U_{i}\cap u_{j^{=u}}j}|_{U_{1}\cap \text{ }}$
$G_{1’\cap U_{1}\cap r_{\sim}^{\gamma_{J}},\iota.\cap U_{i}}(s_{i})=(u_{i})_{\iota\nearrow\cap U_{i}\cap U_{j}}\circ F_{\nu^{-}\cap U_{i}\cap U_{J},l^{r}}(a)$
$=(u_{j})_{1’\cap\zeta r_{\{\cap U_{J}}}\circ F_{V\cap U_{t}\cdot\cap U_{j},1^{r}}’(a)$
$=G_{V\cap U_{\mathfrak{i}}\cap U_{j},V\cap U_{j}}(s_{j})$
. , $G$ sheaf , $\epsilon_{G,t’\cap \mathcal{U}}$
, $\epsilon_{G^{F},\mathcal{U}}(u)$ $V\in \mathcal{O}X$
$(\epsilon_{G^{F},\mathcal{U}}(u))_{t}\cdot(a)=\epsilon_{G,t\cap t4}(s)$
$F(V)$ $G(V)$ .
$\epsilon_{G^{F},\mathcal{U}}$ , $A\subseteq F(V)$
, $(u_{i})_{1\cap U_{i}}$ , $F_{\iota^{r}\cap U_{i},1’}^{\urcorner},$ $\epsilon_{c,\iota\cap \mathcal{U}}$
$(\epsilon_{G^{F},\mathcal{U}}(u))_{t}\cdot(u\uparrow A)$
$=\epsilon_{G,I’\cap \mathcal{U}}’(.1^{\cdot}$
$=u\uparrow\{\epsilon_{G,1\cap \mathcal{U}}$ $(\langle(u_{i})_{1\cdot\cap U_{i}}\circ F_{t^{r}\cap U_{i},\dagger/}\cdot(a)$ : $i\in I\rangle)|a\in A\}$
$=u\uparrow(\epsilon_{G^{F},\mathcal{U}}(u))_{t}\cdot(A)$
. , $\epsilon_{G^{F},\mathcal{U}}(u)$ . ,
$\epsilon_{G^{F},\mathcal{U}}(u)$ naturality sheaf
. $\epsilon_{G^{F},\mathcal{U}}(u)\in G^{F}(U)$ $\epsilon_{G^{F},\mathcal{U}}$ $\prod_{i\in I}G^{F}(U_{i})$ $G^{F}(U)$
.
, $A\subseteq$ Com $( \prod_{i\in I}G^{F}(U_{i}))$ ,
$(\epsilon_{G^{F},\mathcal{U}}(u\uparrow A))_{1^{r}}.(a)$
$=\epsilon_{G,1\cap \mathcal{U}}(J\cdot$
$=u\uparrow\{\epsilon_{G,V\cap \mathcal{U}}$ $(\langle(u_{i})_{1^{r}\cap U_{i}}\circ F_{1\cap U_{t},t/}\cdot(a)$ : $i\in I\})|u\in A\}$
$=u\uparrow(\epsilon_{G^{F},\mathcal{U}}(.4))_{1’}(a)$
$=(u^{\uparrow}\epsilon_{G^{F},\mathcal{U}}(A))_{t}\cdot(a)$ ( 2 )
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$\epsilon_{G^{F},\mathcal{U}}$ . , $f\in G^{F}(L^{T}),$ $V\in$
$\mathcal{O}U,$ $a\in F(V)$ ,
$(\overline{c}F’$
$=\epsilon_{G,L^{r}\cap \mathcal{U}}(\langle(f|_{U_{i}})_{V\cap U_{i}}\circ F_{\iota^{r}\cap U_{i},\iota^{r}}(a):i\in I\})$
$=\epsilon c,v^{r}nu(\{G_{t’\cap U_{i},1’}.\cdot of_{t’}(a):i\in I\rangle)$
$=\epsilon_{c,\iota^{r}\cap \mathcal{U}^{O}}\delta_{G,V\cap \mathcal{U}}(f_{V}(a))$
$=f_{\dagger^{r}}I(a)$
$\epsilon_{G^{F},\mathcal{U}}\circ\delta_{G^{F},\mathcal{U}}$ identity , $u\in$
Com $( \prod_{i\in I}G^{F}(U_{i})),$ $j\in I,$ $I/’\in \mathcal{O}U_{j},$ $a\in F(t^{r}’)$
$((\delta_{G^{F},\mathcal{U}}\circ\epsilon_{G^{F},\mathcal{U}}(u))_{j})_{V}(a)$
$=(\epsilon_{G^{F},u}(u)|_{U_{j}})_{V}(a)$
$= \epsilon_{G,1^{r}\cap \mathcal{U}}\int(’:i\in I))$
$=\epsilon_{G,1^{r}\cap \mathcal{U}}(\{G_{t^{r}\cap U_{l},1^{rO}}(u_{i})_{\ddagger 1}(a):i\in I\rangle)$
$= \epsilon_{G,I^{r}\cap \mathcal{U}}\int o\delta_{G,1’\cap \mathcal{U}}((u_{j})_{V}(a))$
$=(u_{j})_{1^{l}}’(a)$
$\delta_{G^{F},\mathcal{U}}0\epsilon_{G^{F},\mathcal{U}}$ identity .
, $\epsilon_{G^{F},\mathcal{U}}$ $F$ category Cpos $\delta_{G^{F},\mathcal{U}}$ inverse
.
, evaluation ev $\in$ Cpos $(X)(F^{G}\cross G, F)$ ,
$U\in \mathcal{O}_{1}1^{\vee}$ ev$u(f, a)=f_{U}(a)$ natural transformation
. , $f\in$ Cpos $(X)(F\cross G, H)$ , curryfication Cur $(f)\in$
Cpos(X) $(F, H^{G})$ , $U\in \mathcal{O}X,$ $a\in F(U),$ $V\in \mathcal{O}U,$ $b\in G(V)$






$($Cur $(f)_{U}(a))_{1-}-$ $G(V)$ $H(V)$ .
, Cur $(f)_{U}(a)$ naturality , sheaf
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, Cur $(f)_{U}(a)\in H^{G}(U)$ . ,
$A\subseteq F(U)$
$($Cur $(f)_{U}(u\uparrow A))_{1^{f}},(b)=f_{1^{r}}/(F_{V’,U}(u\uparrow A), b)$
$=u\uparrow(Cur(f)_{U}(A))_{t’}.(b)$
$=($ $(Cur(f)_{U}(A)))_{\iota}.(b)$ ( 2 )
Cur $(f)_{U}$ $F(U)$ $H^{G}(U)$ .
, Cur $(f)$ naturality , sheaf
.
, , , cartesian closed
category ,
.
4. Cpos(X) cartesian closed category .
2.
dcpo sheaf $F,$ $G\in$ Cpos(X) 2 natural trans-
formation $e\in$ Cpos $(X)(F, G),$ $p\in$ Cpos $(X)(G, F)$ , $U\in oU$
P$u^{\circ}eu$ $=id_{F(U)}$ euopu $\subseteq idc(u)$ , $e$ $F$ $G$
embedding, $P$ $G$ $F$ projection , $(e,p)$ $F$ $G$
embedding-projection pair . , embedding-projection
pair , $G$ $F$ .
embedding-projection pair $(e, p)$ , $U\in \mathcal{O}_{\wedge}X^{-}$ (eu, Pu) $|$ ad-
junction , $a\in F(U)$ , $e_{U}(a)= \min\{b\in$
$G(U)|a\subseteq p_{U}(b)\}$ , $b\in G(U)$ , pu $(b)= \max\{a\in$
$F(U)|$ eu $(a)\subseteq b\}$ . $e$ $P$





Cpos $(X)^{ep}$ . , Ob(Cpos $(X)^{ep}$ ) $=$ Ob(Cpos $(X)$ )





, $m<n$ $m,$ $n\in \mathbb{N}$ y $e_{nm}=e_{nn-1}oe_{n-1n-2^{O}}$
$oe_{m+i_{m}}$ $p_{mn}=p_{mm}+i^{O}p_{m+1m+2^{\circ}}\cdots o$ $p_{n}$ .
, $e_{nn}=p_{nn}=id_{F_{1}}$, . , $C=\{(f_{n}, q_{n}):F_{n}arrow C|n\in \mathbb{N}\}$
$\mathcal{D}=\{(g_{n}, r_{n}):F_{n}arrow D|n\in \mathbb{N}\}$ cocone , $U\in \mathcal{O}X,$ $a\in$
$C(U)$ , $m\leq n$ $m,$ $n\in \mathbb{N}$
$(g_{m})_{U}\circ(q_{m})_{U}(a)=(g_{n})_{U}\circ(e_{nm})_{U}\circ(p_{mn})_{U}o(q_{n})_{U}(a)$
$\subseteq(g_{n})_{U}o(q_{n})_{U}(a)$
$D(U)$ , $\{g_{n}\circ q_{n} :Carrow D|n\in \mathbb{N}\}$ Cpos$(X)(C, D)$
. , , $\mathcal{D}^{c}\in$
Cpos (X) $(C, D)$
$\mathcal{D}^{c}=u\uparrow\{g_{n}\circ q_{n}|n\in \mathbb{N}\}$
. , $\mathcal{D}^{c}$ naturality $g_{n}$ $q_{n}$ naturality
.
5. $\mathcal{F}=\{(e_{n+1n}, p_{nn+1}):F_{n}arrow F_{n+1}|n\in \mathbb{N}\}$ dcpo sheaf
, $C=\{(f_{n}, q_{n}) :F_{n}arrow C|n\in \mathbb{N}\}$ $\mathcal{F}$ cocone ,
.
(i) $\mathcal{F}$ cocone $\mathcal{D}=\{(g_{n}, r_{n}):F_{n}arrow D|n\in \mathbb{N}\}$ , $\mathcal{D}^{c}\circ f_{n}=g_{n}$
$q_{n}\circ C^{\mathcal{D}}=r_{n}$ .
(ii) $C^{c}=id_{C}$ , $C$ $\mathcal{F}$ colimit . , $\mathcal{F}$ cocone
$\mathcal{D}=\{(g_{n}, r_{n}):F_{n}arrow D|n\in \mathbb{N}\}$ , $(\mathcal{D}^{c}, C^{\mathcal{D}})$ $C$ $D$
mediating arrow .
. (i) $C$ $\mathcal{F}$ cocone , $n\leq m$




$g_{m}oq_{m}\circ f_{1}=g_{n}\circ e_{nm}\circ p_{nn}\circ q_{n}of_{n}$
$\subseteq g_{n}$
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. , $\mathcal{D}^{c}\circ f_{n}=g_{n}$ . ,
.
(ii) ,
$C^{\prime 0}\circ \mathcal{D}^{C}=u\uparrow\{f_{m}\circ r_{m}og_{n}\circ q_{n}|m, n\in \mathbb{N}\}$
$=u\uparrow\{f_{n}or_{n}og_{n}oq_{n}|n\in \mathbb{N}\}$
$=C^{c}$
, $C^{\mathcal{D}}o\mathcal{D}^{c}=$ id$c$ . , $\mathcal{D}^{c}oC^{\mathcal{D}}\subseteq$
id $D$ . , $(\mathcal{D}^{C}, C^{\mathcal{D}})$ embedding-projection pair
. , (i) , $n\in \mathbb{N}$ , Cpos $(X)^{ep}$
$(\mathcal{D}^{C}, C^{\mathcal{D}})o(f_{n}, q_{n})=(g_{n}, r_{n})$ . mediating arrow $(\mathcal{D}^{c}, C^{D})$
, $C$ $D$ f$\backslash$ embedding-projection pair $(f, q)$





, $q=C^{\mathcal{D}}$ , $(f,$ $q)=(\mathcal{D}^{c}, C^{\mathcal{D}})$
.
5 (ii) , , cocone
colimit .
6. $\mathcal{F}=\{(e_{n+1n}, p_{nn+}i) :F_{n}arrow F_{n+}i|n\in \mathbb{N}\}$ dcpo sheaf
, $C=\{(f_{n}, q_{n}) :F_{n}arrow C|n\in \mathbb{N}\}$ $\mathcal{F}$ colimit , $C^{c}=id_{C}$
.
. $U\in O_{J}Y^{r}$ $\hat{C}(U)=(C^{C})_{U}(C(U))$ , $t^{r}/\subseteq U$
$U,$ $V^{r}\in \mathcal{O}_{-}X^{r}$ $\hat{C}_{t_{3}’U}/=C_{t’,U}’|_{\hat{C}(U)}$ . , sheaf $\hat{C}\in$ Cpos(X)
. , $C(U)$ $(C^{C})_{U}$ $\hat{C}(U)$
, $C^{c}$ codomain $\hat{C}$ $C$ $\hat{C}$
. , , $C^{c}$
codomain $\hat{C}$ , $C^{c}$
.
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,$\hat{C}=\{(C^{C}\circ f_{n}, q_{n}\circ i):F_{n}arrow\hat{C}|n\in \mathbb{N}\}$
, $\mathcal{F}$ cocone . , $i$ $\hat{C}$ $C$ ,
$U\in \mathcal{O}_{\wedge}1’$ $i_{U}$ inclusion natural transformation
.






, $\hat{C}^{\hat{c}}=$ id $\hat{C}$ . , 5 (ii) , $\hat{C}$ $\mathcal{F}$ colimit
, $(C^{\hat{c}},\hat{C}^{c})$ $\hat{C}$ $C$ mediating arrow .
, $C$ $\mathcal{F}$ colimit , $C$ $\hat{C}$ mediating arrow
, $(g, r)$ , $C^{\hat{c}}\circ g=id_{C}$ $r\circ\hat{C}^{c}=id_{C}$
. , $\hat{C}^{C}\circ C^{\hat{c}}=id_{\hat{C}}$ $(g, r)=(\hat{C}^{c},$ $C^{\hat{c}})$ ,
$C^{c}=C^{\hat{c}}\circ\hat{C}^{c}=r\circ g=id_{C}$ .
7. $\mathcal{F}$ dcpo sheaf $C$ $\mathcal{F}$ cocone ,
.
(i) $C$ $\mathcal{F}$ colimit $C^{c}=id_{C}$ .
(ii) $C$ $\mathcal{F}$ colimit , $\mathcal{F}$ cocone $\mathcal{D}$ $(\mathcal{D}^{C}, C^{\mathcal{D}})$ $C$
$\mathcal{D}$ mediating arrow .
dcpo sheaf $\mathcal{F}=\{(e_{n+1n}, p_{nn+1}):F_{n}arrow F_{n+}i|n\in \mathbb{N}\}$
, $U\in \mathcal{O}X$
$( \lim \mathcal{F})(U)=\{x\in\prod_{n\in N}F_{n}(U)|\forall n\in \mathbb{N}x_{n}=(p_{nn+1})_{U}(x_{n+1})\}$
, $T^{/}\subseteq U$ $U,$ $V\in \mathcal{O}X$ $x \in(\lim \mathcal{F})(U)$
$( \lim \mathcal{F})_{\iota_{?}^{r}u}(x)=\langle(F_{n})_{v^{r}u})(x_{n}):n\in \mathbb{N}\}$
. dcpo pre-sheaf $\lim \mathcal{F}\in$ Ob$(Cpos^{ox^{r}\circ p})$ .
, $( \lim \mathcal{F})(U)\in$ Ob(Cpos) dcpo
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, $( \lim \mathcal{F})_{V,U}(x)\in(\lim \mathcal{F})(l^{r})$ , $n\in \mathbb{N}$
$(p_{nn+1})_{1}\cdot\cdot((F_{n+1})_{V,U}(x_{n+1}))=(F_{n})_{\dagger^{r},U}((p_{nn+1})_{U}(x_{n+1}))$
$=(F_{n})_{\iota^{r},U}(x_{n})$
. , $\lim \mathcal{F}$ sheaf
.
8. $\mathcal{F}=\{(e_{n+1n}, p_{nn+}i) :F_{n}arrow F_{n+}i|n\in \mathbb{N}\}$ dcop sheaf
, $\lim \mathcal{F}\in$ Ob(Cp$\circ$s $(X)$ ) .
. $U\in \mathcal{O}X$ $\mathcal{U}=\{U_{i}|i\in I\}$ ,
$( \lim \mathcal{F})(U)\simeq$ Com $( \prod_{i\in I}(\lim \mathcal{F})(U_{i}))$
$\delta_{\lim \mathcal{F},\mathcal{U}}$
$\epsilon_{\lim \mathcal{F},\mathcal{U}}$ ,
, $s\in$ Com $( \prod_{i\in I}(\lim \mathcal{F})(L^{r_{i}}))$ . , $i,$ $j\in I$ $n\in \mathbb{N}$ }
$(F_{n})_{u_{i}nu_{j},u_{i}}((s_{i})_{n})=(F_{n})_{u_{i}nu_{j},u_{j}}((sj)_{n})$ , $\{(s_{i})_{n}:i\in I\rangle\in$
Com $( \prod_{i\in I}F_{n}(U_{i}))$ . , $F_{n}$ dcpo sheaf ,
Com $( \prod_{i\in I}F_{n}(U_{i}))$ $\epsilon_{F_{n},\mathcal{U}}$ ,









$\epsilon_{\lim \mathcal{F},\mathcal{U}}(s)=\{\epsilon_{F_{n},\mathcal{U}}\{(s_{i})_{n}:i\in I\rangle:n\in \mathbb{N}\rangle$
$\epsilon_{\lim \mathcal{F},t4}(s)\in(\lim \mathcal{F})(U)$ .
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$\epsilon_{\lim \mathcal{F},\mathcal{U}}$ , Com $( \prod_{i\in I}(\lim \mathcal{F})([\gamma_{i}))$
$A$ ,
$\epsilon_{\lim \mathcal{F},\mathcal{U}}(u^{\uparrow}A)=\langle\epsilon_{F_{n},\mathcal{U}}\{((u\uparrow A)_{i})_{n}:i\in I\}:n\in \mathbb{N}\rangle$
$=\langle u\uparrow_{\epsilon_{F_{n},\mathcal{U}}\langle(A_{i})_{n}}:i\in I\}:n\in \mathbb{N}\}$
$=u^{\uparrow\{\epsilon_{F_{n},\mathcal{U}}\{(A_{i})_{n}:i\in I\}:n\in \mathbb{N}\}}$
$=\lfloor\lrcorner^{\uparrow}\epsilon_{\lim \mathcal{F},\mathcal{U}}(A)$
, . , $x \in(\lim \mathcal{F})(U)$




, $s\in$ Com $( \prod_{i\in I}(\lim \mathcal{F})(U_{i}))$
$\delta_{\lim \mathcal{F},\mathcal{U}}\circ\epsilon_{\lim \mathcal{F},\mathcal{U}}(s)$
$= \{(\lim \mathcal{F})_{U_{i},U}\{\epsilon_{F_{n},\mathcal{U}}\{(s_{i})_{n} :i\in I\rangle: n\in \mathbb{N}\}$ : $i\in I\rangle$




$\delta_{\lim \mathcal{F},\mathcal{U}}$ inverse .
Cpos $(X)^{ep}$ , $\mathcal{F}$ sheaf $\lim \mathcal{F}$ colimit
diagram . , $\mathcal{F}$ $\lim \mathcal{F}$
embedding-projection pair . $m,$ $n\in \mathbb{N},$ $U\in$
$\mathcal{O}_{\wedge}1’,$ $a\in F_{n}(U)$ , $(e_{\mathcal{F}n})_{U}(a) \in(\lim \mathcal{F})(U)$ $m$
$((e_{\mathcal{F}n})_{U}(a))_{m}=\{\begin{array}{ll}(p_{mn})_{U}(a) m\leq n \text{ } \beta_{\backslash }\doteqdot,(e_{mn})_{U}(a) \text{ }\end{array}$
. , $n\in \mathbb{N},$ $x \in(\lim \mathcal{F})(U)$ $(p_{n\mathcal{F}})_{U}(x)\in$
$F_{n}(U)$
$(p_{n\mathcal{F}})_{U}(x)=x_{n}$
. $(e_{\mathcal{F}n}, p_{n\mathcal{F}})$ embedding-projection
pair , .
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9. $\mathcal{F}=\{(e_{n+1nPnn+i)}$ : $F_{r\iota}arrow F_{n+1}|n\in \mathbb{N}\}$ dcpo sheaf
, $n\in \mathbb{N}$ $(e_{\mathcal{F}n’ Pn\mathcal{F}})$ $\lim \mathcal{F}$ embedding-
projection pair .
. $U\in \mathcal{O}_{Z}1^{-}$ , $((e_{\mathcal{F}n})_{U}, (p_{n\mathcal{F}})_{U})$ Cpos embedding-
projection pair dcpo
. , $e_{\mathcal{F}n}$ $p_{n\mathcal{F}}$ naturality .
, $\dagger^{r}/\subseteq U$ $U,$ $l^{r}\in \mathcal{O}_{-}Y$ , $m\in \mathbb{N},$ $a\in F_{n}(U)$
$(( \lim \mathcal{F})_{t^{1},U^{O}}(e_{\mathcal{F}n})_{U}(a))_{m}=\{\begin{array}{ll}(F_{m})_{l’,U}\circ(p_{mn})_{U}(a) m\leq n \text{ } \#\doteqdot,(F_{m})v,uo(e_{mn})_{U}(a) \text{ }\end{array}$
$((e_{\mathcal{F}n})_{\iota}-\circ(F_{n})_{1’,U}(a))_{m}=\{\begin{array}{ll}(p_{mn})_{1^{r}}\circ(F_{n})_{1’U})(a) m\leq n \text{ } \#\doteqdot,(e_{mn})_{1}/\circ(F_{n})_{1’,U}(a) \text{ }\end{array}$
, $e_{mn}$ $p_{mn}$ naturality $( \lim \mathcal{F})_{v,u}\circ(e_{\mathcal{F}n})_{U}=(e_{\mathcal{F}n})_{1^{r}}\circ$
$(F_{n})_{1_{\tau}U}$ . , $x \in(\lim \mathcal{F})(U)$ ,
$(F_{n})_{l’,U}\circ(p_{n\mathcal{F}})_{\iota f}(x)=(F_{n})_{t’,U}/(x_{n})$
$=(p_{n\mathcal{F}})_{1^{J}} \cdot\circ(\lim \mathcal{F})_{1/,U}(x)$
, $p_{Fn}$ naturality .
, Cpos $(X)^{ep}$ $\mathcal{F}$ diagram $\{(e_{\mathcal{F}n},p_{n\mathcal{F}})$ :
$F_{n} arrow\lim \mathcal{F}|n\in \mathbb{N}\}$ . , $\mathcal{F}_{\infty}$ ,
$\mathcal{F}_{\infty}$ $\mathcal{F}$ colimit .
10. $\mathcal{F}=\{(e_{n+1n}, p_{nn+1}):F_{n}arrow F_{n+1}|n\in \mathbb{N}\}$ dcpo sheaf
, $\mathcal{F}_{\infty}$ $\mathcal{F}$ colimit . , $\mathcal{D}$ $\mathcal{F}$ cocone ,
$\mathcal{F}_{\infty}$ $\mathcal{D}$ mediating arrow $(\mathcal{D}^{\mathcal{F}_{\infty}} , \mathcal{F}_{\infty}^{\mathcal{D}})$ .
. , $U\in \mathcal{O}_{\wedge}X^{r},$ $n\in \mathbb{N}$ $(e_{\mathcal{F}n})u=(e_{\mathcal{F}n+1})u\circ(e_{n+1n})u$
$(p_{n\mathcal{F}})_{U}=(p_{nn+1})_{U^{\circ}}(p_{n+1\mathcal{F}})_{U}$ dcpo
. , $\mathcal{F}_{\infty}$ $\mathcal{F}$ cocone .
, $m\leq n$ $m,$ $n\in \mathbb{N}$ , $u\uparrow\{(e_{\mathcal{F}n})u\circ(p_{n\mathcal{F}})_{U}|n\in \mathbb{N}\}=$
id $( \lim \mathcal{F})(U)$ dcpo
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$\alpha$ Cpos $(X)^{ep}$ Cpos $(X)^{ep}$ , Cpos $(X)^{ep}$ $(e,p)$
$\ovalbox{\tt\small REJECT}$
$\alpha$ embedding-projection pair , embedding
natural transformation $\alpha_{e}(e,p)$ , projection
natural transformation $\alpha_{p}(e,p)$ . ,
$\alpha(e,p)=(\alpha_{e}(e,p), \alpha_{p}(e,p))$




Cpos $(X)^{ep}$ $\mathcal{F}$ colimit $C$ , $\alpha(C)$ $\alpha(\mathcal{F})$
colimit $\alpha$ . ,
, , sheaf
.
11. $\alpha$ Cpos $(X)^{ep}$ Cpos $(X)^{ep}$ , Cpos $(X)^{ep}$
diagram $\mathcal{K}=\{(e,p) :Farrow\alpha(F)\}$ , $\lim$ rc $\simeq\alpha(\lim\overline{\mathcal{K}})$ .
. , $\overline{\mathcal{K}}$ imit $\overline{\mathcal{K}}_{\infty}$ , $\lim\overline{\mathcal{K}}$






, 10 , $\overline{\mathcal{K}}_{\infty}$ $\overline{\mathcal{K}}$ colimit , 7 (i) $\overline{\mathcal{K}}_{\infty}^{\overline{\mathcal{K}}_{\infty}}=$
$id_{li_{I}n\overline{\mathcal{K}}}$ . ,
$\overline{\mathcal{K}}_{\infty}^{\alpha(\overline{\mathcal{K}}_{\infty})}\circ\alpha(\overline{\mathcal{K}}_{\infty})^{\overline{\mathcal{K}}_{\infty}}$




. , $\alpha$ $\alpha(\overline{\mathcal{K}}_{\infty})$ $\alpha(\overline{\mathcal{K}})$
colimit , 7 (i) $\alpha(\overline{\mathcal{K}}_{\infty})^{\alpha(\overline{\mathcal{K}}_{\infty})}=id_{\alpha(\lim\overline{\mathcal{K}})}$ . ,
$\alpha(\overline{\mathcal{K}}_{\infty})^{\overline{\mathcal{K}}_{\infty}}0\overline{\mathcal{K}}_{\infty}^{\alpha(\overline{\mathcal{K}}_{\infty})}$
$=u\uparrow\{\alpha_{e}(e_{\overline{\mathcal{K}}m},p_{m\overline{\mathcal{K}}})\circ p_{m+1\overline{\mathcal{K}}}oe_{\overline{\mathcal{K}}n+1}\circ\alpha_{p}(e_{\overline{\mathcal{K}}n},p_{n\overline{\mathcal{K}}})|m, n\in \mathbb{N}\}$




, , category Cpos(X) , $(\eta$
) $F\simeq F^{F}$ $F$
. , $F\in$ Ob(Cpos $(X)^{ep}$ ) $\tau(F)=F^{F}$
Cpos $(X)^{ep}$ Cpos $(X)^{ep}$ $\tau$ .
$\tau$ , $(e,p)\in$ Cpos $(X)^{ep}(F, G)$ $U\in \mathcal{O}_{d}\lambda^{r}$
, $h\in F^{F}(U)$
$\tau_{e}(e,p)_{U}(h)=e|_{U}\circ hop|_{U}$
$\tau(F)$ $\tau(G)$ natural transformation $\tau_{e}(e,p)$ ,
$h\in G^{G}(U)$
$\tau_{p}(e,p)_{U}(h)=p|_{U}\circ h\circ e|_{U}$
$\tau(G)$ $\tau(F)$ natural transformation $\tau_{p}(e, p)$ .
, $\tau$
, 11 , .
12. $\tau$ .
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. $\mathcal{F}=\{(e_{n+1n}, p_{nn+1}) :F_{n}arrow F_{n+1}|n\in \mathbb{N}\}$ Cpos $(X)^{ep}$
$C=\{(f_{n}, q_{n}) :F_{n}arrow C|n\in \mathbb{N}\}$ $\mathcal{F}$ colimit . , $\tau(C)$
$\tau(\mathcal{F})$ cocone , , $U\in \mathcal{O}X$ $h\in\tau(C)(U)$
$(\tau(C)^{\tau(C)})_{U}(h)$
$=u^{\uparrow\{\tau_{e}(f_{n},q_{n})_{U}0\tau_{p}(f_{n},q_{n})_{U}(h)}|n\in \mathbb{N}\}$
$=u\uparrow\{f_{n}|_{U}\circ q_{n}|_{U}oh\circ f_{n}|_{U}\circ q_{n}|_{U}|n\in \mathbb{N}\}$
$=(u^{\uparrow\{f_{n}1_{U}0}q_{n}|_{U}|n\in \mathbb{N}\})\circ h\circ(u\uparrow\{f_{n}|_{U}\circ q_{n}|_{U}|n\in \mathbb{N}\})$
$=h$ ( 6 )
. $\tau(C)^{\tau(C)}=id_{\tau(C)}$ , 7(i) , $\tau(C)$
$\tau(\mathcal{F})$ colimit . $\square$
13. CPos $(X)^{ep}$ diagram $\mathcal{K}=\{(e,p) :Farrow\tau(F)\}$ $\lim\overline{\mathcal{K}}\simeq$
$( \lim\overline{\mathcal{K}})^{\lim\overline{\mathcal{K}}}$ .
, $\lim\overline{\mathcal{K}}$ $( \lim\overline{\mathcal{K}})^{\lim\overline{\mathcal{K}}}$
$\tau(\overline{\mathcal{K}}_{\infty})^{\overline{\mathcal{K}}_{\infty}}$ , $U\in \mathcal{O}_{\wedge}\lambda^{r}$ $x \in(\lim\overline{\mathcal{K}})(U)$
$(\tau(\overline{\mathcal{K}}_{\infty})^{\overline{\mathcal{K}}_{\infty}})_{U}(x)=u\uparrow\{e_{\overline{\mathcal{K}}n}|_{U}\circ x_{n+1}\circ p_{n\overline{\mathcal{K}}}|_{U}|n\in \mathbb{N}\}$
. , $( \lim\overline{\mathcal{K}})^{\lim\overline{\mathcal{K}}}$ $\lim\overline{\mathcal{K}}$ $\overline{\mathcal{K}}_{\infty}^{\tau(\overline{\mathcal{K}}_{\infty})}$
, $U\in \mathcal{O}X$ $x \in(\lim\overline{\mathcal{K}})^{\lim\overline{\mathcal{K}}}(U)$
$(\overline{\mathcal{K}}_{\infty}^{\tau(\overline{\mathcal{K}}_{\infty})})_{U}(x)=u\uparrow\{(e_{\overline{\mathcal{K}}n+1})_{U}(p_{n\overline{\mathcal{K}}}|_{U}oxoe_{\overline{\mathcal{K}}n}|_{U})|n\in \mathbb{N}\}$
.
[1] S. Abramsky and A. Jung, Domain Theory, in S. Abramsky, D. M. Gabbay and
T. S. E. Maibaum, editors, Handbook of Logic in Computer Science: volume 3 Se-
mantic Structures, Oxford Science Publications, 1994.
[2] A. Asperty and G. Longo, Categories, Types and Structures: An Introduction to Cate-
gory Theory for the $Wo$rking Computer Scientist, MIT press, 1991.
[3] H. P. Barendregt, The Lambda Calculus: Its Syntax and Semantics, North-Holland,
1984.
[4] M. P. Fourmanl and D. S. Scott, Sheaves and Logic, Lecture Notes in Mathematics 92,
pp. 302-401, Springer-Verlag, Berlin, 1989.
[5] C. A. Gunter, Semantics of Programming Languages: Structures and Techniques, Foun-
dations of Computing series, MIT Press, 1992.
75
$[$6] R. Goldblatt, Topoi: The Categorical Analysis of Logic (Revised Edition), Studies in
Logic and the Foundations of Mathematics Volume 98, North-Holland, 1984.
[7] J. R. Hindley, Basic Simple Type Theory, Cambridge Tracts in Theoretical Computer
Science 47, Cambridge University Press, 1997.
$[$8$]$ J. R. Hindley and J. P. Seldin, Introduction to combinators and $\lambda$ -calculus, London
Mathematical Society Student Texts 1, Cambridge University Press, 1986.
[9] J. Lambek and P. J. Scott, Introduction to higher order categorical logic, Cambridge
studies in advanced mathematics 7, Cambridge University Press, 1986.
[10] S. Mac Lane and I. Moerdijk, Sheaves in Geometry and $Logic:A$ First Introduction to
Topos Theory, Springer-Verlag, 1992.
[11] D. S. Scott, Continuous Lattices, in E. Lawvere editor, Toposes, Algebraic Geometry
and Logic, Lecture Notes in Mathematics 274, pp. 97-136, Springer-Verlag, Berlin,
1972.
76
